Expectation biases could affect decision making in trait anxiety. Studying the alterations of feedback processing in real-life risk-taking tasks could reveal the presence of expectation biases at the neural level. A functional relevance of the feedback-related negativity (FRN) is the expression of outcome expectation errors. The aim of the study was to investigate whether nonclinical adults with high trait anxiety show smaller FRN for negative feedback than those with low trait anxiety. Participants (N = 26) were assigned to low and high trait anxiety groups by a median split on the State-Trait Anxiety Inventory trait score.
Introduction
Anxiety is an emotional and motivational state characterized by negative outcome expectations and concerns about potential threats [1, 2] . Neuroimaging and electrophysiological studies suggest that in high trait anxiety (HTA) and related psychiatric syndromes, such as obsessive-compulsive disorder (OCD) or generalized anxiety disorder (GAD), performance monitoring is altered [3] [4] [5] . Altered performance monitoring could lead to difficulties in everyday risky decision making, often reported in anxiety related syndromes [6] [7] [8] . One of the psychophysiological correlates of performance monitoring is the feedbackrelated negativity (FRN), which has been smaller in HTA than in LTA for negative outcomes [2, 9] . In this study, we compared the FRN between HTA and LTA individuals in a task measuring risky decision making.
The FRN is a frontocentral negative deflection that peaks 200-300 ms after the onset of a negative feedback stimuli [10] [11] [12] . As the reinforcement learning theory suggests, the FRN reflects a prediction error of the actual outcome [13] . The FRN most likely related to the functional interaction between the posterior medial frontal cortex and the lateral prefrontal cortex [14] . The FRN is usually followed by a P3 indicating the elaboration of feedback [15] .
A study investigated the FRN in trait anxiety in a simple monetary gambling task [2] .
Participants chose between two alternatives presented on a screen and each choice was followed by one of three possible outcomes: reward (positive), loss (negative), and ambiguous outcome. The FRN after negative feedback was smaller in HTA adults than in LTA adults.
This difference was replicated in a follow-up experiment that introduced a fourth, neutral condition, as well [9] . The authors suggested that a so-called pessimistic expectation bias caused the difference in FRN between LTA and HTA participants [2, 9] . This bias implies that HTA adults have a tendency to negatively interpret any ambiguous stimulus or to expect negative outcomes in gambling situations [2] . Since HTA adults expect more feedback to be negative, they face with less expectation error, which could lead to smaller FRN.
During risky decisions, anxiety can determine the individual's behavior if the negative and positive valence systems, such as fear and reward processing, have equivalent activation [16] .
Situations with a high level of perceived risk or ambiguity can trigger these concurrent positive and negative activations. Previous anxiety studies investigated the effect of ambiguous feedback in gambling tasks [2, 9] . However, simple choices in these tasks represent only one side of risk-taking behavior [17] . From an economical point of view, risk is the amount of outcome variability. In contrast, nonprofessionals perceive risk as being exposed to potential loss. Moreover, risk-taking behavior usually consists of a series of choices before any negative feedback can possibly occur, such as drinking one more dose of alcohol or increasing bet in a game. Thus in this study, participants performed a task which reflects both of the above-mentioned risk concepts and which is also comparable to real-world risk-taking [17] .
To understand ambiguous decision making and real-world risk taking, the Balloon Analogue Risk Task (BART) is a widely used experimental tool [17] [18] [19] . In this gambling paradigm, participants are asked to pump a balloon on a screen, and each pump is associated either with a reward (positive feedback) or with a balloon burst (negative feedback). After each pump, participants could decide to collect the accumulated reward or to take the risk and pump the balloon further. If the balloon burst, the reward is lost. As a general rule, each successful pump increases the probability of a burst in the next trial; however, this regularity is not transparent for the participants [18] . Participants make a series of choices with increasing risk before they face an external punishment or change their course of action and choose the safe option [17] . Therefore, without explicitly knowing the probabilities of rewards and losses, BART performance requires ambiguous decision making [18, 20] .
Individual differences can modulate the FRN amplitude in the BART. Namely, it is smaller in the presence of risk for developing alcoholism [21] , and it is higher in high executive functions (EFs) [22] . Our previous study extended the findings of Fein and Chang [21] by showing that healthy individuals with high level of EFs might use a model-based strategy in this task, indicated by the enhanced FRN amplitude [22] . However, to the best of our knowledge, there is no available result on the relationship between trait anxiety and FRN in the BART.
In this study, we measured event-related brain potentials (ERPs) in the BART with HTA and LTA adults to understand the neurophysiological underpinnings of risky decision making in anxiety involving a series of choices. We expected smaller FRN in the HTA than in the LTA group, in line with previous findings [2, 9] .
Materials and method

2.1.Participants
Thirty-nine undergraduate students were recruited to the experiment. Seven participants were excluded by reason of presenting excessive artifacts or not having enough negative-feedback locked epochs for the analysis (see 2.3., EEG measurement and analysis). Participants were divided into LTA and HTA groups by median split of the State-Trait Anxiety Inventory (STAI) -Trait Version T-score [23, 24] (see Figure 1A ). It is a widely used tool to measure trait anxiety with good psychometrical properties [24] . Two participants above the clinical cut-off score (16) on the BDI [25] were excluded to control the clinical level of depression.
LTA and HTA groups were matched on the mean adjusted number of pumps (with a maximum difference of one pump, see section 2.2. Experimental task) in order to account for main behavioral between-group differences in the BART, such as the number of pops and total score (see Table 1 ). In this way, potential ERP differences cannot be interpreted as a difference in behavioral strategies or as different event frequencies in the task. Four of the participants were excluded by this reason. Thus, the final sample consisted of thirty participants assigned to LTA (n = 13) and HTA (n = 13) groups. This is a restricted sample of our previous analysis [22] , and we only report non-overlapping results specific to the effects of anxiety. Table 1 summarizes questionnaire and behavioral data.
All participants had normal or corrected-to-normal vision, reported normal hearing, and a lack of psychiatric or neurological history. The LTA group consisted of 3 males and 10 females, all of them right-handed; while the HTA group consisted of females only, including 4 lefthanded and 9 right-handed adults. Before the laboratory assessment, participants completed four personality questionnaires online: the Barratt Impulsiveness Scale [27, 28] , the Brief Sensation Seeking Scale (BSSS) [29, 30] , the Beck Depression Inventory (BDI) short version [25, 31] , and the State-Trait Anxiety Inventory [23, 24] . Before the assessment, participants received a description of the study and they gave their informed consent. The procedures were approved by the Institutional Review Board of Eötvös Loránd University, Hungary.
Participants received course credit for taking part in the ERP experiment.
2.2.Experimental task
In the laboratory, participants performed an EEG adapted version of the BART [21, 22] . The general structure and visual features of the task was the same as in a previous study [22] .
Participants were asked to pump a balloon by pressing one of the response keys. They were instructed to collect as many points as possible by balloon pumps. Participants could see the instruction and task description on the screen as long as they needed.
The pump could have led to an increase in the size of the balloon together with an increase in the reward score presented inside it (positive feedback) or to a balloon burst (negative feedback). Instead of a pump, participants could have collected the score from the balloon and finished the trial. Ninety balloons were presented in the task. Each successful pump increased the reward score and the probability of the balloon burst. The probability of the balloon burst after the third pump was 1/18, after the fourth pump was 1/17, and so on, until the 20th pump, where the probability of the balloon burst was 1/1. Participants did not have time limit to make their decision after the balloon was presented on the screen. Between each response and feedback stimulus, a 1000-1200 ms random delay was introduced. If the balloon popped, the negative feedback stimulus was presented for 3000 ms, similarly to the screen indicating the successful collection of the score. A new empty balloon appeared on the screen 10 ms after these events.
The behavioral outcome measures of the BART were the mean adjusted number of pumps across balloons (mean number of pumps on balloons that did not explode), the number of balloon bursts, and the total score at the end of the experiment [18] . After the EEG experiment, they performed three neuropsychological tasks assessing EFs [32] , which could be impaired in HTA [33] and could be involved in BART performance [19, 22] : a Verbal Fluency Task, a Listening Span Task, and a Go/No-Go Task. We did not find group differences in the behavioral measures of the BART or in EFs (see Table 1 ). There was a significant difference in BDI score between the two groups, t(24) = -3.28, p < 0.05.With neuropsychological measurements and additional questionnaires we could make sure that our groups differ only in anxiety and general mood state. We could also exclude the effect of EFs on FRN and P3 [22] . Note: ** p < .01; *** p < .001; a : In case of violating the assumption of normality, MannWhitney U tests were performed. BIS TS = Barratt Impulsiveness Scale total score; BSSS TS = Brief Sensation Seeking Scale total score; STAI-T = T -Anxiety score; BDI TS = Beck Depression Inventory short version total score.
2.3.EEG measurement and analysis
EEG activity was registered with a 128-channel Geodesic Sensor Net (GES 300; Electrical Geodesics, Inc., Eugene, OR). Electrode Cz was used as a reference and a sampling rate of 500 Hz was applied. Before the offline analysis, bad channels were replaced by spline interpolation. A band-pass filter (0.3 -30 Hz, 48 dB/oct) and a 50 Hz notch filter were applied. To correct eye-movement and heartbeat artifacts, independent component analysis (ICA) was used. EEG data was re-referenced to the average activity of all electrodes.
Epochs extending from -100 to 1000 ms were time-locked to the presentation of negative (balloon burst) or positive (increasing balloon and score) stimuli. We used the average activity from -100 to 0 ms as a prestimulus baseline.
An automatic artifact rejection algorithm implemented in Brain Vision Analyzer software (Brain Products GmbH, Munich, Germany) was used with four criteria: the maximum gradient allowed for an epoch was 50 μV/ms, segments where the activity exceeded +/-100 μV were rejected, the lowest activity allowed was 0.5 μV, and the maximum absolute difference between the minimum and maximum voltages in an epoch was 200 μV. Less than 19 artifact-free epochs for negative feedback was an exclusion criterion [21, 22] . The average number of the kept segments in the negative feedback condition was 31.2 (SD = 7.84; range:
19 -48) for the final sample.
In the next step of the offline analysis, positive and negative stimuli-locked epochs were averaged separately; then, the positive feedback waveform was subtracted from the negative feedback waveform to create a difference wave [21] . Since previous ERP studies with the BART [15, 21, 22] used frontocentral channels, we chose E11 (identical to Fz position), E6
(identical to FCz position) and Cz for statistical analysis. Moreover, the FRN appeared to be the largest in these positions. We measured the peak amplitude and latency of FRN (time interval: 200-300 ms) and P3 (time interval: 300-600 ms) components. Two-way mixed ANOVAs were used with Group (LTA, HTA) as a between-subjects factor and Electrode (Fz, FCz, Cz) as a within-subjects factor. We used LSD (Least Significant Difference) tests for pair-wise comparisons. The Greenhouse-Geisser epsilon (ε) correction was applied when necessary.
Results
Grand average ERP difference waves (FRN and P3) for each group are presented in Figure   1B . A 2 (Group) * 3 (Electrode) ANOVA was conducted on FRN peak amplitude. The main effect of Group was significant, F(1, 24) = 11.78, p < .01, η p 2 = .33, and also the main effect was also significant, F(2, 48) = 4.02, ε = .78, p < .05, η p 2 = .14. Pair-wise comparisons indicated that in the HTA group, the FRN was more delayed at Fz than at FCz (p < .001) or at Cz (p < .001). In the LTA group, the FRN was delayed at Fz compared to Cz (p < .001).
However, differences between HTA and LTA groups in FRN peak latency at each electrode site were not significant.
A 2 (Group) * 3 (Electrode) ANOVA was conducted on P3 peak amplitude, as well. The main effect of Electrode was significant, F(2, 48) = 44.63, ε = .691, p < .001, η p 2 = .65. The P3 was larger at FCz than at Fz (p < .001), and it was larger at Cz than at Fz (p < .001) or at FCz (p < .001). The same ANOVA was performed on P3 peak latency. Only the main effect of Electrode was significant, F(2, 48) = 4.08, , ε = .699, p < .05, η p 2 = .15. The P3 was delayed at Cz compared to Fz (p < .05) or to FCz (p < .01).
Discussion
The aim of this study was to compare feedback processing between LTA and HTA participants in a paradigm that requires a series of risky decisions, and which resembles reallife risk taking. We found attenuated FRN in the HTA group compared to LTA group. The ambiguity presented via opaque gain and loss probabilities in the BART [18] could have triggered differences in task-related processes between HTA and LTA individuals [16] .
Namely, HTA participants probably expected more frequent negative feedback after their choices, given their pessimistic expectation bias [2, 8, 9] . Since FRN reflects the prediction error of the outcome [13] , it seems that negative events met the expectations of HTA individuals.
Our results are in line with previous studies, in which HTA participants showed smaller FRN after negative feedback [2, 9] , and larger FRN after ambiguous feedback [9] . These studies used variations of a simple monetary gambling paradigm, where ambiguity was presented at the level of feedback by using positive, negative, and ambiguous outcomes. In the ambiguous condition, participants could win or lose money, but the feedback did not indicate the actual monetary outcome. Therefore, ambiguous outcomes could trigger expectation bias in HTA adults, which means that they interpreted ambiguous outcomes as more threatening than negative outcomes [9] . However, positive and negative conditions did not require processing ambiguous information. While in simple monetary gambling paradigms participants have to take some risk compulsorily [2, 9] , in the BART, it is possible to collect the reward and leave the risky situation, which resembles frequent real-life circumstances (e.g., "Should I drive over the speed limit?"). This characteristic of the task gives a strong external validity to it [17, 18] . Effective processing of feedback is crucial when risk becomes too high in a series of action [17] .
The effect of emotional factors, such as anxiety and depression, on decision making has been studied using a limited number of paradigms [7, 8, 26] . Studies suggesting the pessimistic expectation bias behind smaller FRN in HTA utilized simple gambling tasks with feedback manipulations [2, 9] , while other works focusing on the imbalance between emotional and analytic processes in anxiety used variations of the framing effect paradigms [7, 8, 34] .
Another study found attenuated FRN in depressive patients in a simple gambling task [26] .
The amplitude of the FRN for positive feedback was also associated with trait anhedonia.
In our study, we provided evidence of smaller FRN in HTA in a gambling task which mimics real-life risk-taking [18] . Moreover, we did not introduce additional feedback manipulation; therefore, our results can stand as general effects of ambiguity on risk-taking decisions in anxiety. As another strength of the study, the groups were matched on BART behavioral performance and did not differ in EFs. This methodological solution helped us to rule out the effects of factors unrelated to anxiety (e.g., general task-solving strategies) in the BART [22] .
Moreover, previous studies [2, 9] selected HTA and LTA participants on the basis of the lower and upper quartiles of the anxiety scores. In contrast, the present study used post-hoc median split to form groups. While the latter method has limitations as a data driven approach, it also provides a cross-method validation to previous studies as current results are in line with prior ones [2, 9] .
To establish a framework that can explain neurophysiological findings on pessimistic expectations, emotional hyperactivation, and analytic hypoactivation at the same time, more studies are needed with various decision making paradigms. For future research, studying other aspects of anxiety should be considered, as well. In the present study, we only measured trait anxiety; therefore, we do not have information about state anxiety triggered by the gambling situation. We excluded participants with clinical level of depression. Although this approach makes our interpretation specific to trait anxiety, the characteristics of the sample also limits the generalizability of our results. For future studies, it would be important to compare the effect of different forms of negative affect, such as anhedonia, depression, trait and state anxiety.
Conclusions
We found evidence for attenuated FRN in HTA adults compared to LTA adults in a risky decision making paradigm. This finding supports the pessimistic expectation bias in anxiety.
Since HTA participants expected more frequent balloon bursts, the negative feedback met their biased expectations. Our results suggest that smaller FRN after negative feedback is a general characteristic of HTA and not only triggered by feedback manipulation.
Adaptive functioning in anxiety-related disorders is disturbed by impairments in decision making [5, 7, 9] . Our finding contributes to the increasing evidence about how anxiety affects processes in decision making and shed light on the related brain mechanisms. To understand the relationship between anxiety and decision making would be important not only in clinical but also in neuroeconomical context [7, 35] .
